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Introduction

41
One of the most intriguing genome organizations can be found in the mitochondrial genome of 6 been described for TAC components (Gheiratmand et al., 2013; Käser et al., 2016; Trikin et al., 2016;  128 Zhao et al., 2008) .
130
RNAi of MiRF172 leads to growth retardation and kDNA loss 131
To study the function of MiRF172 we depleted the mRNA by RNAi in NYsm BSF cells using the 132 tetracycline inducible RNAi vector pTrypRNAiGate. Northern blot analysis showed a decrease of 133 MiRF172 mRNA by 68% on day three of induction (Fig. 4A ). After RNAi induction cells grow at 134 normal rates until day four when a growth defect becomes visible that is maintained at least until day 135 eight. The growth defect was not accompanied by any obvious change in cell morphology or motility.
136
In order to characterize a potential effect of MiRF172 depletion on mitochondrial genome replication 137 we sampled the population (n ≥ 100 for each condition and replicate) at day zero and three post 138 induction, stained the cells with the DNA dye DAPI and evaluated the relative occurrence of kDNA 139 and nucleus in different cell cycle stages: Cells with one kDNA and one nucleus (1K1N; cells are in G1 140 of the cell cycle), cells with already replicated and segregated kDNAs and one nucleus (2K1N, cells are 141 in nuclear S phase), as well as cells that had replicated both, the kDNA and the nucleus (2K2N, cells 142 just prior to cytokinesis). We also screened for any abnormal K-N combinations like 1K2N (likely a 143 product of kDNA missegregation), 1K0N (zoid cells) as well as 0K1N (indicative of kDNA 144 replication/segregation defects). The major change in K-N combinations was the accumulation of 0K1N 145 cells to about 20% at day three post induction, just prior to the appearance of the growth phenotype 146 ( Fig. 4B, C) . At the same time point we observed that 30% of 1K1N cells had smaller kDNAs than in 147 the uninduced cells ( Fig. 4B, C) .
149
RNAi of MiRF172 leads to an accumulation of smaller kDNA networks 150
To better characterize the kDNA loss phenotype we performed thin section transmission electron 151 microscopy (TEM) and examined the ultra-structure of the kDNA networks of BSF cells induced for 152 RNAi and compared them to uninduced cells. We measured the length of the striated structure that 153 corresponds to a cross section through the kDNA disc in ≥ 30 randomly acquired kDNA images in each; 154 uninduced and induced cells. In uninduced cells, the mean diameter of the kDNA was 544 nm while in 155 induced cells it was significantly (p-value = 2.71×10 -8 ) reduced to 368 nm ( Fig. 4D, S1 ). Although the 156 size (diameter) of the network was reduced, the overall appearance of the striated structure and its 157 relative position to the basal body did not change.
159
RNAi of MiRF172 in γL262P BSF cells has no influence on growth 160
In order to test if MiRF172 has essential functions that are not directly related to kDNA maintenance 161 and whether the kDNA loss phenotype is a secondary effect, we used the recently established γL262P 162 cell line that harbors a single point mutation in the F 1 F 0 -ATPase and is able to compensate for the loss 7 of the kinetoplast similar to "petite" mutants in yeast (Dean et al., 2013) . γL262P BSF cells were 164 transfected with the inducible RNAi vector, which was previously used to generate the MiRF172 RNAi 165 BSF cell line. We essentially performed the same analysis as described above and observed that, while 166 the γL262P MiRF172 RNAi cells lost kDNA at a similar rate (n ≥ 100 for each condition) as the NYsm 167 strain, the cells showed no additional growth phenotype suggesting that the sole function of MiRF172 168 is in kDNA maintenance and loss of kDNA is a direct effect of the depletion of MiRF172 (Fig. 4E, F ).
170
RNAi of MiRF172 leads to a loss of mini-and maxicircles 171
The results described above suggest that MiRF172 is involved in kDNA replication. To study the effect 172 of kDNA loss in more detail, we performed Southern blot analyses of mini-and maxicircles in MiRF172
173
RNAi BSF cells. Whole cell DNA was extracted at day 0, day 3, day 5 and day 7 upon RNAi induction.
174
The DNA samples were digested with HindIII and XbaI, resolved on an agarose gel and blotted on 175 nylon membranes and probed for maxi-and minicircles. As a loading control, we used a probe targeting 176 tubulin. We performed three biological replicates. Significance of the results was calculated using the 177 two-tailed unpaired t-test (mini-and maxicircles d0 vs. d7 p ≤ 0.05 = *, covalently closed minicircles 178 d0 vs. d5 p ≤ 0.01 = **, nicked / gapped minicircles p ≤ 0.05 =*). We detected a steady decrease of 179 maxi-and minicircle abundance to about 60% of the uninduced levels from day zero to day five post 180 induction of RNAi after which the amount of maxi-and minicircles increased again slightly ( Fig. 5A, 
181
B). To further study the effect of MiRF172 depletion on minicircle replication we performed Southern 182 blot analysis of minicircles released from the network, prior and post replication, respectively. For this 183 whole DNA was extracted from uninduced and MiRF172 depleted cells at day 3, 5 and 7 upon RNAi.
184
Southern blotting was done as described above but without restriction digest of the DNA (Fig. 5C, D) .
185
We detected a steady decrease of the covalently closed minicircles that have been released from the 186 network but have not yet been replicated. For the nicked / gapped population, that represents the newly 187 replicated intermediates prior to reattachment, increased significantly (p ≤ 0.05) until day five post 188 induction. They then returned to the initial levels ( Fig. 5C , D). Based on these results we suggest that 189 MiRF172 is involved in the replication of the kDNA and more specifically in the reattachment process 190 of the replicated minicircles to the kDNA network. 
192
RNAi of MiRF172 has no impact on the TAC 193
195
1A) we wondered if the protein would colocalize with a TAC marker protein of the ULF such as 196 TAC102. For this we used immunofluorescence microscopy. The imagery shows that MiRF172 is 197 located between TAC102 and the kDNA disc with little to no overlap between the two MiRF172 signals 198 and the TAC102 signal ( Figure 6A ). As mentioned above biogenesis of the second signal for MiRF172 199 8 at the kDNA disc occurs during kDNA division and thus prior to the replication of the TAC102 signal 200 (Hoffmann et al., 2017; Trikin et al., 2016) . To test whether depletion of MiRF172 has an impact on 201 TAC biogenesis, we probed for TAC102 during three days of MiRF172 RNAi. Even though we 202 observed the typical MiRF172 depletion phenotype including increase in 0K1N cells and cells with 203 smaller kDNAs, however we did not detect a loss in the signal for TAC102 ( Fig. 6B ).
205
TAC is required for proper MiRF172 localization 206
We then wondered if the TAC structure itself has an impact on the localization of MiRF172. For this 207 we created a cell line that allows inducible depletion of p197, a TAC component in the EZF which leads 208 to disruption of the TAC connection between the basal bodies and the kDNA and mislocalization of 209 TAC102 (Gheiratmand et al., 2013; Hoffmann et al., 2017) . After five days of p197 mRNA depletion 210 >98% of the cells had lost the kDNA as described previously (Hoffmann et al., 2017) and approximately 211 half of the cells had no signal for MiRF172 as well as TAC102 ( Fig. 6C ), while the other half of the 212 cells showed a signal for MiRF172 and TAC102 both in close proximity but not at the proper wild type 213 position in the mitochondrion (Fig. 6C ). Three days after recovery from p197 RNAi the TAC102 protein 214 was relocalizing properly in vicinity of the basal body as previously described (Hoffmann et al., 2017) .
215
For MiRF172 we found a similar behavior. After the recovery from p197 RNAi MiRF172 relocalized 216 in the proximity of TAC102 however it mostly remained as a single spot, rather than two spots as 217 observed in the wild type situation (Fig. 6C ). 2011; Li et al., 2007; Liu et al., 2006; Liu et al., 2010) . This is different from the 236 polymerase Pol ß, for example that is only at the antipodal sites during replication (Bruhn et al., 2010;  237 Saxowsky et al., 2003) . We describe MiRF172 as a novel mitochondrial genome replication factor in 238 T. brucei. The current model predicts that replication of the minicircles is initiated after the release into 239 the KFZ by a topoisomerase activity, through binding of the UMSBP and several replication factors, 240 including the two polymerases PolIB and PolIC (Bruhn et al., 2010; Bruhn et al., 2011; Milman et al., 241 2007) . The minicircles are then moved to the antipodal sites by an unknown mechanism. At the 242 antipodal sites primer removal by a single strand endonuclease SSE-1 and the helicase Pif5 are initiated 243 after which gap filling by polymerase Pol ß and finally sealing of most of the gaps through ligase LIG 244 kß occur (Downey et al., 2005; Engel and Ray, 1999; Klingbeil et al., 2002; Saxowsky et al., 2003) .
245
Afterwards the minicircles are reattached to the growing network, likely by topoisomerase activity 246 (Wang and Englund, 2001) . In the kDNA disc the last minicircle gaps are repaired through a 247 combination of Polß-Pak and the DNA ligase LIG ka and likely other proteins (Downey et al., 2005;  248 Klingbeil and Englund, 2004; Klingbeil et al., 2002) . Based on the current model, an accumulation of 249 gapped free minicircles as detected in the MiRF172 RNAi analysis, points towards a function of 250 MiRF172 in the reattachment process. The only other currently known protein to be involved in 251 reattachment is the mitochondrial topoisomerase TOPOII, which is also localized at the antipodal sites.
252
Thus, we predict MiRF172 and TOPOII to interact with each other in the process of minicircle 253 reattachment in T. brucei. One could imagine that MiRF172 might aid the topoisomerase in the 254 discrimination between replicated and non-replicated minicircles. In the future, biochemical co-255 immunoprecipitation studies should allow us to test this model.
256
The proximity of the kDNA replication and segregation machinery in T. brucei could suggest a physical 257 interaction between the two processes in the KFZ. This is supported by the biochemical fractionations 258 indicating that MiRF172 remains associated with the isolated flagellum and is present in the pellet 259 fraction of the digitonin extraction even after DNAseI treatment (Fig. S2 ).
260
Interestingly MiRF172 
Immunofluorescence analysis 309
Approximately 10 6 cells were spread onto a slide and fixed for 4 min with 4% PFA in PBS (137 mM 310 NaCl, 2.7 mM KCl, 10 mM Na 2 HPO 4 , 2 mM KH 2 PO 4 , pH 7.4). After fixation and washing with PBS 311 cells were permeabilized with 0.2% Triton-X 100 in PBS for 5 min. Then cells were blocked with 4% 312 BSA in PBS for 30 min. After blocking, slides were incubated for 45 or 60 min with the primary 313 antibody followed by washing with PBS + 0.1% Tween-20 (PBST) and incubation with the secondary 314 antibody for 45 or 60 min followed by washing with PBST and PBS. All incubations were performed 315 at room temperature. Primary and secondary antibodies were diluted in PBS + 4% BSA as follows: rat- 
325
Images were analyzed using LAS X software (Leica Microsystems) and ImageJ. Significance of the 326 quantification of relative occurrence of kDNA and nucleus in different cell cycle stages was calculated 327 using the two-tailed unpaired t-test.
329
Super resolution 3D STED (Stimulated Emission Depletion) microscopy 330
MiRF172-PTP BSF cells were spread and fixation, permeabilization and blocking were performed as 331 described above. Polyclonal rabbit-α-Protein-A antibody (Sigma) and the Alexa Fluor® 594 goat-α-
332
Rabbit IgG (H+L) antibody were used as described above. Cover glasses (Nr. 1.5) suitable for 3D STED 333 microscopy (Marienfeld) were used. Cells were mounted in ProLong with DAPI as described above.
334
Images were acquired using the SP8 STED microscope (Leica, with a 100× oil immersion objective 
363
Northern blotting 364
Total RNA was extracted from mid-log phase MiRF172 RNAi BSF cells with 1 ml of RiboZol ä 365 (Amresco) per 5×10 7 cells. For northern blot analysis, 10 μg of total RNA was separated for two hours 366 at 100 V in a 1% agarose gel containing 6% formaldehyde. RNA was blotted onto Hybond nylon 367 membranes with 20× SSC (3 M NaCl, 0.3 M Na-citrate pH 7) by capillary transfer. The RNA on the 368 nylon membrane was cross-linked with Stratagene UV-Stratalinker. Membranes were pre-hybridized 369 at 65°C for one hour in hybridization solution (5× SSC, 1:12.5 100× Denhardt's (2% BSA, 2% 370 polyvinylpyrrolidone, 2% Ficoll), 50 mM NaHPO 4 pH 6.8, 1% SDS, 100 μg/ml salmon sperm DNA).
371
The sequence specific probe for MiRF172 mRNA was generated by PCR (Primers used: 5'- for MiRF172 RNA were exposed for 24 hours, when probed for 18S rRNA -for approximately 15 min,
382
to storage phosphor screens in metal cassettes (Amersham Bioscience) and scanned by a Storm
383
PhosphoImager (Amersham Bioscience). ImageJ was used for image analysis and quantification.
385
Southern blotting 386
Total DNA was isolated from mid-log phase MiRF172 RNAi BSF cells. For this, cells were washed in 387 PBS and resuspended in 1ml of phenol per 5×10 7 cells. Experimental procedure and analysis was 388 performed as described previously (Trikin et al., 2016) . 5 μg of total DNA either undigested (for 389 detection of free minicircles) or digested with HindIII and XbaI (for detection of total mini-and 390 maxicircles) was resolved in 1% agarose gel within 35 min for total minicircles or 2 h for free 391 minicircles at 135 V in 0.5× TAE buffer. Sequence specific probes for minicircles were generated from 
396
For the normalization, a tubulin probe (binding to the intergenic region between α-and β-tubulin, 397 fragment size 3.6 kb, (Trikin et al., 2016) ) was used and it was generated and labelled in the same way 398 as the minicircle and maxicircle probes. Blots were exposed for 24, 48 or 72 hours to storage phosphor 399 screens in metal cassettes (Amersham Bioscience) and scanned by Storm PhosphoImager (Amersham 400 Bioscience). ImageJ was used for image analysis and quantification. Significance of the results was 401 calculated using the two-tailed unpaired t-test.
403
Flagellar extraction 404
For flagellar extraction, EDTA was added to BSF cells in medium with an end concentration of 5 mM.
405
Cells were washed with PBS and then resuspended in extraction buffer (10 mM NaH 2 PO 4 , 150 mM 406 NaCl, 1 mM MgCl 2 ) containing 0.5% TritonX-100, on ice. After one washing step with extraction 407 buffer, cells were incubated on ice for 45 min in extraction buffer containing 1 mM CaCl 2 and then 408 subjected to immunofluorescence analysis as described above.
410
Digitonin fractionations 411
For digitonin fractionation 10 7 cells were collected and washed with PBS. Then they were resuspended 412 in SoTE buffer (0.6 M sorbitol, 2 mM EDTA, 20 mM Tris-HCl, pH 7.5). Digitonin was added to a final 413 concentration of 0.025% or 1% and the mixture was incubated on ice for 5min. To separate the fractions, 414 cells were centrifuged at 8000 rcf for 5 min at 4°C. Both fractions (supernatant and pellet) were mixed 415 with Laemmli buffer for western blot analysis.
416
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591
Localization of MiRF172-PTP (red) and DNA (cyan) were performed as described in A. C)
592
Immunofluorescence analysis of MiRF172-HA during different stages of the cell cycle (1K1N, dK1N, 
